Heme oxygenase-1 promotes angiogenesis in urothelial carcinoma of the urinary bladder.
Angiogenesis is necessary for the growth, invasion, and metastasis of solid tumors. Previous studies have shown that heme oxygenase-1 (HO-1) plays an important role in angiogenesis in both normal and cancerous cells, such as vascular endothelial cells and pancreatic cancer cells, respectively. In this study, we analyzed the role of HO-1 and other angiogenic factors in urothelial carcinoma of the bladder. Specifically, we used real-time reverse transcription polymerase chain reaction (PCR) and Western blotting to investigate the upregulation of 7 angiogenic factors, namely, HO-1, vascular endothelial growth factor (VEGF), hypoxia-inducible factor (HIF)-1α, HIF-2α, cyclooxygenase-2 (COX-2), interleukin-8 (IL-8), and basic fibroblast growth factor (bFGF) under hypoxic conditions in the T24 urothelial carcinoma cell line. We also used enzyme-linked immunosorbent assay (ELISA) to measure the amount of VEGF secreted into the growth media. In addition, we administered an HO-1 inhibitor, zinc protoporphyrin IX, to mice with subcutaneous T24 tumors to assess the modulation of angiogenesis in solid tumors in vivo. We also performed immunohistochemical analyses of 23 primary bladder cancer specimens with high-grade tumors infiltrating into the stroma (pT1) for expression of HO-1, VEGF, HIF-1α, HIF-2α, COX-2, and CD31. Image analysis of CD31 staining was performed to estimate microvessel density (MVD), a measure of angiogenesis. Hypoxic conditions induced upregulation of HO-1, VEGF, HIF-1α, HIF-2α, and COX-2 in T24 cells and increased VEGF secretion, which could be suppressed by zinc protoporphyrin IX. In vivo, inhibition of HO-1 decreased tumor growth and MVD by suppressing angiogenic factors, particularly VEGF and HIF-1α. In clinical specimens of bladder cancer, high expression of HO-1 was correlated with high expression of HIF-1α (P=0.027) and high MVD (P=0.005), but not with VEGF expression (P=0.19). In conclusion, since overexpression of HO-1 promotes angiogenesis in urothelial carcinoma cells, HO-1 inhibitors could be used as novel therapeutics for urothelial carcinoma of the urinary bladder.